Abstract. To assess the differences between the RS92 radiosonde and its improved 17 counterpart, the Vaisala RS41-SGP, radiosonde version with a pressure sensor, 36 18 twin-radiosonde launches were made over the Arctic Ocean, Bering Sea, northwestern
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Results

145
To facilitate comparison with the results of Jensen et al. (2016), we interpolated the RS92 146 radiosonde profiles to the same time step as the RS41 profiles, and calculated differences 147 between them at each 10-m vertical grid based on the RS41 radiosonde heights (Fig. 3) .
148
The vertical axis of Fig. 3 is therefore nearly equivalent to the passage of time. The biases, 149 standard deviations, and root mean square (RMS) differences were all smaller than the 150 combined uncertainties, except that the RMS differences of pressure above 100 hPa 151 exceeded 0.6 hPa (Table 3) . For temperature and wind speeds, the biases and RMS 152 differences in our experiments were nearly the same as those of Jensen et al. (2016) , but 153 the differences of pressure and relative humidity were much larger in our study. 
Pressure
155
The pressure difference between the RS41 and RS92 radiosondes increased as the 156 radiosondes rose to an altitude of about 5 km but averaged an almost constant 0.5-0.6 hPa above that altitude (Fig. 3a) . The 90th-percentile line revealed that the sensor-measured 158 RS41 pressure was lower than the RS92 for more than 90 % of the measurements above 5 159 km. The percentage of the pressure differences that exceeded the combined uncertainty 160 (Table 1) was 13.7 % below 100 hPa but 50.9 % above 100 hPa. The bias of pressure 161 causes the bias of geopotential height (Fig.3b) . The height difference increased with the 162 altitude: The median of the RS41 height was greater than that of the RS92 by 163 approximately 35 m at an altitude of 15 km, and 100 m at 22 km.
164
We also checked the GPS-derived pressure of the RS41 radiosondes. 
Relative humidity
172
The median of the relative humidity differences peaked at approximately 2 %RH near 173 10 km (Fig. 3c) , a result consistent with the data of Jensen et al. (2016) . The humidity 174 difference was also large near the sea surface in our analysis. For 13.0 % of the 175 measurements, the absolute value of the difference exceeded 4.0 %RH, which is the combined uncertainty of the RS41-SGP. One noteworthy feature of Fig. 3c is that there 177 were quite large differences of relative humidity at a height of about 17 km, although the 178 median difference was less than 0.5 %RH. Figure 5 shows the relationship between the 179 humidity difference and temperature for each category of relative humidity. During both the 180 MR15-03 and MR15-04 cruises, the RS41 radiosonde recorded a higher mean relative 181 humidity relative to the RS92 for all humidity ranges. The humidity difference peaked at relatively small in the range of -50° to -70°C, but the RS41 humidity was much higher than 184 the RS92 at temperatures below -80°C (Fig. 5b) . The atmosphere associated with 185 temperatures below -80°C corresponds to the tropopause in the tropics, where the greatest 186 differences were apparent at altitudes of about 17 km (Fig. 3c) . 
Temperature
188
In the case of temperature, although there was a slight positive bias below an altitude of 10 189 km, the median of the differences was within ±0.12°C below an altitude of 26 km (Fig. 3d) .
190
The median exceeded 0.5°C above 27 km, but only four flights reached that height, and the 2.75°C at an altitude of 1.27 km, was observed on 10 December in the tropics (Fig. 6a) .
198
The RS92 temperature became much lower than the RS41 just after the radiosondes 199 passed through a saturated layer into a dry layer. The greater reduction of the RS92 Figure 7 shows the cases of extreme temperature differences that contributed to the 207 greater standard deviation and cannot be explained by the wet-bulbing effect. For the flight 208 on 11 December (Fig. 7a) , there was a large temperature discrepancy inside the saturated 209 layer. In that case, the radiosondes were launched in heavy rain, and the ascent rate sufficiently. In the case of the flights on 1 and 3 December ( Fig. 7b and 7c) , the RS41 214 temperatures were higher than the RS92 by more than 1.0°C near the surface. Because the surface reference air temperatures were close to the RS92 temperatures at the lowest 216 level, we suspect that the RS41 temperatures were too high. These large temperature 
Wind speed
225
Vertical profiles of the wind speed differences are shown in Fig. 3e and 3f . The percentages 226 of the differences in the zonal and meridional wind speeds that exceeded 0.5 m s -1 were 227 1.9 % and 1.5 %, respectively. Although both the zonal and meridional wind speeds agreed greater in the day than at night above an altitude of 4.5 km (Fig. 8a) . The median of the 238 nighttime differences was close to that of the daytime flights in the Arctic cruise below an 239 altitude of 15 km, the implication being that the day-night difference might reflect some 240 effect of solar heating.
241
The median profiles of temperature differences in the day and night were close to 242 each other, with slightly larger differences in the night at altitudes of 5-15 km (Fig. 8b) . The schemes between the RS92 and RS41 may be the dominant cause of these temperature 246 differences, particularly at high solar elevation angles and low pressures.
247
The median of the relative humidity difference was larger during the day than at night due to the dissimilar approaches used to compensate for the heating effect of solar 253 radiation on the humidity sensor. Similar dry biases were reported for the RS92 radiosonde with the earlier version of DigiCORA (Vömel et al., 2007; Yoneyama et al., 2008) , although 255 the dry bias was generally absent from later observations (Ciesielski et al., 2014; Yu et al., 256 2015) because the bias due to solar heating was removed by a correction scheme included 257 in the v3.64 software or developed by Wang et al. (2013) . Figure 9 shows the relative 258 difference of relative humidity in the daytime between the RS92 and RS41 radiosondes.
259
The relative difference is defined to be the relative humidity difference expressed as a 
267
We evaluated how the differences between the two types of radiosonde affected 268 CAPE, CIN, and PW (Table 4) . CAPE tended to be larger when the RS92 was used in the 269 nighttime. This was due to slightly higher temperature of RS92 near the surface (Fig.8b) .
270
On the other hand, in the daytime the RS41 CAPE was larger the RS92 and the RS41 CIN 271 was smaller than the RS92. The day-night differences in the CAPE and CIN biases were 272 caused by the difference in the humidity bias between daytime and nighttime. The 273 near-surface humidity of the RS41 was larger than that of the RS92 in the daytime (Fig.8c) .
The larger pressure bias in daytime (Fig.8a) , which means to thicken an atmospheric layer 275 in the RS41 observation, also may contribute to the daytime bias of CAPE. Although the 276 bias of PW was less than 1.0 mm, the daytime humidity difference between the RS41 and 277 RS92 affected PW. The ratio of the RS41 to the RS92 PW was dependent on solar altitude 278 angle (Fig.10) 
Humidity correction
282
Figures 8c, 9 and 10 imply that a small dry bias still remains in the RS92 radiosonde 283 observations. We attempted to correct the RS92 relative humidity obtained during the 284 MR15-04 cruise by using the RS41 as a reference instrument. However, this is not based 285 on an assertion that the RS42 measurements must be true values. There is no independent 286 evidence to judge which radiosonde was more accurate. The RS41 relative humidity was 287 larger than the RS92 at an altitude between 3-13 km (Fig.8c) , suggesting that the RS41 288 humidity also have a slight moist bias that is unrelated to the radiation correction scheme.
289
The correction attempted in this subsection is a proposal to bridge the gap in relative 290 humidity between the RS41 and RS92 radiosondes. for the RS92 and RS41 using temperature bins of 20°C between +30° and -90°C (10 to 295 30°C, -10 to 10°C, -30 to -10°C, -50 to -30°C, -70 to -50°C, and -90 to -70°C) using 296 5hPa radiosonde data in 5%RH intervals. Figure 11 shows Fig. 7b ), but the values in Table 5 are much smaller.
311
We corrected the daytime RS92 relative humidity values obtained during the MR15-04 312 cruise using Table 5 . The correction value for an arbitrary RS92 measurement can be obtained by linear two-dimensional interpolation using Table 5 and the RS92 temperature used the model RS41-SGP radiosonde, which has a pressure sensor, unlike previous 325 studies that used the RS41-SG, which has no pressure sensor.
326
The biases, standard deviations, and RMS of the differences between the RS41 and 327 RS92 over all flights and heights were smaller than the nominal combined uncertainties of 328 the RS41, except that the RMS differences of pressure above 100 hPa exceeded 0.6 hPa.
329
Whereas the biases and the RMS differences of temperature and wind speeds were close revealed that the pressure difference was systematically larger in the day than at night at 336 altitudes above 4.5 km, the suggestion being that there was some effect of solar heating on 337 the pressure measurements. The exact reason, however, is unclear.
338
The RS41 and RS92 temperature measurements in general agreed better than the 339 combined uncertainties, but there were some noteworthy exceptions. One possible reason 340 for the noteworthy discrepancies is the wet-bulbing effect described by Jensen et al. (2016) .
341
In a dry layer just above a saturated layer, the RS92 temperature sensor was cooled too 342 much by evaporation. The RS41 temperature appeared to be less sensitive to this 343 wet-bulbing effect. This phenomenon was confirmed in both the tropics and Arctic. During 344 heavy rain and weak wind conditions, the stagnation of the balloon probably suppressed 345 the ventilation around the temperature sensors, the result being an extreme temperature 346 difference.
347
The median of the relative humidity differences at all altitudes was only a little more 348 than 2 %RH. However, there were quite large differences at an altitude of about 17 km.
349
These large differences occurred in the daytime around the tropical tropopause, where the 350 temperature was below -80°C. The reason for this dry bias may be that there was some 351 remnant of the error of the RS92 radiosonde solar radiation correction. The differences in humidity affected the calculation of CAPE, CIN, and PW, and we confirmed the day-night 353 difference of these variables. We attempted to correct the RS92 relative humidity data 354 obtained in the daytime during the MR15-04 cruise by using the CDF matching method,
355
and the corrected RS92 relative humidity agreed well with the RS41 values.
356
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